Climate warming is changing streamflow regimes and groundwater storage in cold 16 alpine regions. In this study, a headwater catchment named Yangbajain in the Lhasa 17
recession analysis, we also find that the estimated groundwater storage that is 23 comparable with the GRACE data increases significantly at the rates of about 19.32 24 mm/10a during these years. The rising of air temperature is the main factor for the 25 increase in streamflow and groundwater storage, which has led to a loss of over 25% 26 of the total glacier volume for half century in this catchment. Parallel comparisons 27 with other sub-basins in the Lhasa River Basin reveal that the increased streamflow at 28 the Yangbajain station is mainly fed by the accelerated glacier retreat rather than 29 frozen ground degradation. However, the increase of active storage capacity is caused 30 by frozen ground degradation, which can accommodate the increasing meltwater in 31 the valley. The huge gap between the melt-derived runoff and the increased water 32 volume in groundwater storage and streamflow suggests that more than 60% of the 33 total ablation of glaciers should be discharged downstream through deep fault. This 34 study provides a perspective to clarify the impact of glacial retreat and frozen ground 35 
Data 174
Daily streamflow and precipitation data at the four hydrological Stations (Figure 1a (SM, layer 0~200cm) from the dataset (GLDAS_Noah2.1, https://disc.gsfc.nasa.gov/) 197 were adopted for derivation of the groundwater storage (GWS) (Richey et al., 2015) . 198
Methods 199

Statistical methods for assessing streamflow changes 200
The Mann-Kendall (MK) test, which is suitable for data with non-normally 201 distributed or nonlinear trends, is applied to detect trends of hydro-meteorological 202 time series (Mann, 1945; Kendall, 1975 In this paper, the most widely used one-parameter digital filtering algorithm is 212 adopted for baseflow separation (Lyne and Hollick, 1979). The filter equation is 213 expressed as 214
where q t and q t−1 are the filtered quick flow at time step t and t-1, respectively; Q t and 217 Q t−1 are the total runoff at time step t and t-1; α is the filter parameter, ranging from 218 0.9 to 0.95; b t is the filtered baseflow. (Table 1 ). The increasing trends between the baseflow and streamflow 281 are very close, indicating that the increase in baseflow is the main contributor to 282 streamflow increases. 283
Furthermore, gray relational analysis is applied to the catchment to identify the 284 major climatic factors for the increasing streamflow. The result shows that the air 285 temperature has the higher gray relational grade at annual scale (Table 2 ). This 286
indicates that the air temperature acts as a primary factor for the increased streamflow 287 as well as the baseflow. 288
The annual streamflow and baseflow significantly increase due to the rising air (Table 1) . As to the meteorological factors, mean 298 air temperature in all seasons increase significantly at the 1% level especially during 299 winter with the rate of about 0.51°C /10a (Table 1 and Figure 7 ), whereas precipitation 300 in each season shows nonsignificant trend during these years (Table 1 ). The gray 301 relational analysis shows that the air temperature is the critical climatic factor for the 302 changes in streamflow and baseflow in all seasons (Table 2) . 303
Compared with monsoon rainfall as the main water source for summer runoff, the 304 corresponding contribution of glacial meltwater to the streamflow only accounts for 305 max. 11% in the catchment (Prasch et al., 2013). Moreover, the summer meltwater 306 partly infiltrates into soils and will be stored in aquifers. This can explain why it is 307 statistically nonsignificant for summer runoff. 308
Estimation of groundwater storage by baseflow recession analysis 309
Using the data selection procedure mentioned in the section 2.3.3, we adopted daily 310 streamflow and precipitation records in autumn and early winter (September to 311 
Discussions 345
The results have revealed that the increase of streamflow especially in dry season is 346 tightly related with climate warming. It is obviously that both glacier retreat and 347 frozen ground degradation in a warmer climate can significantly alter the mechanism 348 of streamflow. In the Yangbajain Catchment as well as the whole Lhasa River Basin, 349 it is experiencing a noticeable glacier retreat and frozen ground degradation during the 350 past decades (Table 3) 
